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OntogenyThe jequirity bean (Abrus precatorius) is well known because of its shiny black and red coloured seeds and be-
cause of the poison (abrin) it contains. The genus Abrus is placed in a monogeneric tribe Abreae which is placed
in a relatively isolated systematic position at the base of Millettieae. To contribute to a better understanding of
this taxon, a detailed ontogenetic and morphologic analysis of its ﬂowers is presented. Floral primordia are
subtended by an abaxial bract and preceded by two lateral bracteoles which are formed in short succession.
Sepal formation is unidirectional starting abaxially. All petals are formed simultaneously. The carpel is formed
concomitantly with the outer (antesepalous) stamen whorl, which arises unidirectionally, starting in an abaxial
position. In the inner, antepetalous stamen whorl two abaxial stamens are formed ﬁrst, followed by two lateral
stamen primordia. The adaxial, antepetalous position remains organ free (i.e. this stamen is lost). Later in devel-
opment the nine stamen ﬁlaments fuse to form an adaxially open sheath. The ﬁlament bases of the two adaxial
outer-whorl stamens grow inwards, possibly to provide stability and to compensate for the lost stamen. In
the mature ﬂower a basal outgrowth can be found in the position of the lost stamen. However this is more
likely to be an outgrowth of the ﬁlament sheath rather than a remnant of the lost stamen. These ontogenetic
patterns match in parts those found in other Millettieae (unidirectional formation of sepals and stamens, simul-
taneous petal formation). In contrast, the complete loss of a stamen is rather unusual and supports the isolated
position of Abreae and probably justiﬁes (among other characters) its tribal status. A review of androecial char-
acters shows that androecial merosity is on the one hand extremely variable among Leguminosae, varying from
a single stamen per ﬂower to more than 500. On the other hand it is noteworthy that the number of stamens
becomes stabilised in more derived Papilionoideae such as the large non-protein-amino-acid-accumulating
clade (NPAAA clade). This indicates that the androecium has played an important role in the success of a
major part of Leguminosae.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The genus Abrus Adans. consists of ca 17 species found in Africa,
Madagascar, India and Indo-China (Schrire, 2005). Among them,
the jequirity bean (Abrus precatorius L.) is probably the best and
widest known species. It is a weed found throughout the tropics and
neotropics. Some of its many common names such as Bead Vine,
Black-Eyed Susan or Coral Bead Plant point to the use of its hard,
shiny black and red seeds for stringing into necklaces and rosaries in
India and other tropical countries. The seeds are also well known be-
cause of their highly poisonous protein abrin, a plant lectin, related to
ricin, which inhibits cellular protein synthesis (Nelson et al., 2007).
Jang et al. (2010) report that even though abrin has an estimated fatal
dose of 0.1–1 μg/kg, most cases of Abrus seed ingestions are without
clinical ﬁndings, because the seeds pass through the gastrointestinalby Elsevier B.V. All rights reservedtract due to their hard shell (see also Van Wyk et al., 2002; Botha and
Penrith, 2008).
For a long time the systematic position of the genus Abrus was
uncertain and its tribal placement problematic (see Polhill, 1981). In
more recent molecular studies the genus is consistently placed near
the base of a clade comprising the core Millettieae sensu Hu et al.
(2000, 2002) and various elements excluded from Phaseoleae sensu
lato (see Wojciechowski et al., 2004; Schrire, 2005). Schrire (2005) ar-
gues for the maintenance of the monogeneric tribe Abreae because of
its basal branching position together with the unusual combination of
paripinnate leaves, nine stamens and a chemical proﬁle of tryptophan-
derived and pyridine-based alkaloids.
The androecium and the inﬂorescence are among the most inter-
esting morpho-anatomical features of the genus. The androecium con-
sists of only nine stamens whereas in most other papilionoid legumes,
ten stamens in twowhorls of ﬁve are found. In legumes both organ sup-
pression and organ loss occur (e.g. Tucker, 1988a, 1990; Prenner, 2004a;
Prenner and Klitgaard, 2008). Therefore it is important to determine.
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is no longer formed) orwhether it is initiated but then suppressed early.
The Abrus inﬂorescence is another remarkable feature which was
brieﬂy described by Tucker (1987b). It was recently studied in more
detail by Prenner (in press) who showed that the axis of partial inﬂo-
rescences of A. precatorius is reduced to a nodose structure. Further-
more the meristem of partial inﬂorescences is relocated towards
the main inﬂorescence axis and individual ﬂowers are formed in a
peculiar pendulum pattern. Each ﬂower is subtended by a bract and
all ﬂowers are formed in a basipetal continuum. Because of this,
Prenner (in press) argued that the inﬂorescence in A. precatorius is a
compound raceme rather than a pseudoraceme sensu Tucker (1987b).
Based on a detailed analysis of the ﬂoral development the present
study aims to answer the following questions: (1)What is the gener-
al pattern of organ formation in A. precatorius? (2) Is the adaxial
antepetalous (i.e. inner whorl) stamen reduced (i.e. initiated but
not further developed) or is it completely lost (i.e. no initial
formed)? (3) How do the present ﬁndings relate to existing ontoge-
netic data in Millettieae (Teixeira et al., 2009; Naghiloo and Dadpour,
2010) and in other papilionoid legumes? (4) How do the results
relate to recent molecular phylogenetic hypotheses? Taking the in-
teresting structure of the androecium of A. precatorius as a starting
point, I ﬁnally present a brief review of androecial characters in
Papilionoideae.
2. Material and methods
Inﬂorescences of various sizes and ages of A. precatorius were
collected at the Botanic Garden Graz (Teppner H., s.n., Karl Franzens
University Graz, Austria) and immediately ﬁxed in 70% ethanol. For
scanning electron microscopy (SEM) the material was dissected in
70% ethanol, dehydrated to 100% ethanol and critical point dried
using an Autosamdri-815B critical-point dryer. The dried material
was mounted onto aluminium stubs with clear nail polish and coated
with platinum in an Emitech K550a sputter coater. SEM images were
taken with a Hitachi S-4700-II cold ﬁeld emission SEM. Images were
processed using Adobe Photoshop CS5.
3. Results
3.1. Early ﬂoral ontogeny (Figs. 1–2)
The transversely elongated ﬂoral primordium is subtended by
a bract (Fig. 1A) and preceded by two lateral bracteoles which
are formed in short succession (Fig. 1B). Sepal formation is unidirec-
tional with the abaxial sepal formed ﬁrst (Fig. 1C). After a distinct
plastochron this is followed by the two lateral sepals and the two
adaxial sepals which are the last to emerge (Fig. 1C–D). In one aber-
rant ﬂoral bud six sepals were found (Fig. 1E). The sepals quickly
enlarge and bend inwards to enclose and protect the inner ﬂoral
organs (Fig. 1E–F). Soon the sepals fuse laterally to form a sepal
tube with only the ﬁve lobes remaining free (postgenital fusion). All
ﬁve petals are initiated simultaneously (Fig. 1G) and they enlarge
slowly (Fig. 1H–L). They are distinctly lagging behind the later formed
stamens and the gynoecium. The outer (antesepalous) stamen whorl
is formed unidirectionally starting with the abaxial stamen in the me-
dian position (Fig. 1G–H). This is quickly followed by the two lateral
stamens. The two adaxial stamens are formed last (Fig. 1J). The single
carpel is formed concomitant with the outer stamen whorl (Fig. 1H).
It becomes visible as a round primordium in the centre of the ﬂower
and enlarges gradually but without noticeable differentiation until
the inner stamen whorl is formed (Fig. 1H–J). Only then does the
adaxial cleft start to form and the young organ becomes horse-shoe
shaped (Fig. 1K–L). The formation of the inner stamen whorl does
not start until the outer whorl and the young carpel are clearly visible
(Fig. 1J). The two abaxial stamens are formed ﬁrst, quickly followedby the two lateral primordia (Fig. 1J–K). The adaxial stamen position
remains organ free (Figs. 1L, 2A–C).
3.2. Later ﬂoral development (Figs. 2–4)
While sepal growth is quick (see above), petal development is dis-
tinctly delayed and the antesepalous stamens and the carpel in the
centre of the ﬂower soon become bigger than the petals (Fig. 1L).
The petals remain smaller than the antesepalous stamens and the
carpel until later in development (Fig. 2A, B, E). The characteristic
papilionoid corolla which consists of an adaxial vexillum (or standard
petal), two lateral wing petals and two abaxial keel petals differenti-
ates only very late in ontogeny (Fig. 3A, C).
The inner, antepetalous stamen whorl also lags behind the outer
stamen whorl (Fig. 2B) and the stamens in this whorl are still small
and undifferentiated when anther formation is already well advanced
in the outer whorl (Fig. 2B). Eventually anthers are also formed in the
inner whorl and the ﬁlaments of both whorls fuse to form an adaxially
open ﬁlament sheath (Figs. 2G, 3D). Early in development the ﬁlament
bases of the two adaxial antesepalous stamens begin to grow inwards
towards the position of the tenth stamenwhich is missing (Fig. 2C–G).
The carpel develops quickly and its growth rate is about the same
or somewhat faster than that of the outer stamen whorl (Fig. 2A). The
adaxial carpel cleft soon closes and hairs are starting to form on the
abaxial side. Formation of the stigma sets in fairly early when the carpel
begins to bend in the adaxial direction (Fig. 2D–E). Later on, the carpel is
covered with a dense indumentum (Figs. 2D–H, 3A, D) and within the
carpel four ovules are formed (Fig. 2H–I). In the androecium the adaxial
position remains organ-free (Fig. 2A–G) and only inmature ﬂowers can
a meristematic outgrowth be found in this position (Fig. 3A, B, D–H).
Mature anthers are monomorphic and basiﬁxed with stomata on
their connectives (Fig. 4A–B). The papillate stigma is surrounded by
hairs (Fig. 4C). Pollen is tricolporate with a coarsely reticulate tectum
which becomes ﬁner towards the poles and towards the margins of
the colpi (Fig. 4D–F).
4. Discussion
4.1. Organ formation in A. precatorius compared to other Millettieae and
other papilionoid legumes (Table 1)
In A. precatorius the sepals and both stamen whorls are formed in
a unidirectional pattern starting on the abaxial side of the ﬂower.
Among the Millettieae this pattern was also found in the calyx
and the inner stamen whorl of Dahlstedtia Malme species (Teixeira
et al., 2009) and in the sepal whorl of Wisteria sinensis (Sims) Sweet
(Naghiloo and Dadpour, 2010). Unidirectional organ formation is rela-
tively common in papilionoid legumes (see Tucker, 2003) but a range
of deviations from this pattern have been documented (e.g. Klitgaard,
1999; Prenner, 2004a, b, c; Moço and Mariath, 2009).
The petals of A. precatorius are formed simultaneously in a whorl
which is similar to W. sinensis (Millettieae) where petals are formed
in a very rapid succession to almost simultaneously (differently
interpreted by Naghiloo and Dadpour, 2010). Simultaneous petal
formation was also found in Swainsona formosa (G.Don) J.Thompson
(Galegeae, Tapingkae et al., 2007; Prenner, personal observation),
Amorphoa canescens Nutt. (Amorpheae, McMahon and Hufford,
2005), in species of the genus Adesmia DC. (Dalbergieae, Moço and
Mariath, 2009), Lespedeza thunbergii Nakai (Desmodieae, Prenner,
2004b), Daviesia cordata Sm. (Mirbelieae), which also shows simulta-
neous sepal formation (Prenner, 2004c), and in the Swartzieae
Zollernia Wied-Neuw. & Nees, Harleyodendron R.S.Cowan, Exostyles
Schott ex Spreng. and Lecointea Ducke (Mansano et al., 2002). Taken
together, it is obvious that simultaneous petal formation is found in
a broad range of taxa which are morphologically diverse and which
are not closely related (see also Table 1). Further studies are necessary
Fig. 1. Early ﬂoral ontogeny in Abrus precatorius (SEM micrographs). Bracteoles removed in C–L, sepals removed in G–L. The main axis is at the top in all images. (A) Floral primor-
dium in the axil of a subtending bract (removed). (B) Two lateral bracteoles are formed in short sequence. (C) Sepal formation starts with the abaxial sepal. This sepal enlarges
distinctly before the two lateral sepals are formed (asterisks). (D) The two lateral sepals are formed while there is still no sign of the two adaxial sepals. (E) Six instead of ﬁve sepals
are formed. (F) Sepals bend inwards to close and protect the young ﬂoral bud. (G) Five petals are formed simultaneously. The abaxial primordium of the antesepalous stamen whorl
becomes just visible (asterisk). (H) The abaxial stamen primordium is evident and the two lateral primordia are just visible (asterisks). The carpel primordium becomes visible in
the centre of the ﬂower. (I) Somewhat older ﬂower. (J) All antesepalous stamens are visible and the formation of the inner (antepetalous) stamen whorl starts abaxially. (K) The
two lateral antepetalous stamen primordia are formed (asterisks). (L) All ﬂoral organs are formed. An asterisk marks the position where the adaxial antepetalous stamen would
be found. Note the start of the formation of the carpel cleft adaxially. Outer whorl stamens enlarge quickly and are equal in size to young petals. Abbreviations: A = outer
whorl stamen; a = inner whorl stamen; B = bract; Bl = bracteole; C = carpel; P = petal; S = sepal. Scale bars: in A–D, G, H = 50 μm, in E, F, I–L = 100 μm.
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in simultaneous petal formation or whether this pattern is the result
of other related developmental processes. Sepal formation, as with
petals, shows a wide range of patterns from unidirectional to simulta-
neous (Klitgaard, 1999; Prenner, 2004a). Here again, a ﬁner grained
morphological analysis is necessary to achieve a better understanding
of this character and how it relates to other ontogenetic patterns.
Carpel formation is precocious in A. precatorius and occurs con-
comitantly with the outer stamen whorl. This character was also
found in the Millettieae, in W. sinensis (Naghiloo and Dadpour, 2010)
and Dahlstedtia (Teixeira et al., 2009). A precocious carpel is found
throughout the papilionoids, either concomitant with the outer sta-
men whorl or with the petals (Table 1). In contrast to this, strictlyacropetalous organ formation (i.e. the carpel is the last formed
organ) is found more rarely in legumes such as in the early branching
caesalpinioid Duparquetia orchidacea Baill. (Prenner and Klitgaard,
2008).
4.2. A lost stamen and its morphological consequences
The androecium of A. precatorius deviates from the common
papilionoid bauplan of two stamen whorls of ﬁve (i.e. A 5 + 5) in
that the adaxial stamen of the inner whorl is missing (see Fig. 5).
Filaments of the remaining nine stamens are fused and form an
adaxially open ﬁlament sheath (Fig. 5). A close inspection of early de-
velopmental stages showed that no stamen primordium is formed in
Fig. 2. Late ﬂoral development of Abrus precatorius (SEMmicrographs). Sepals and adaxial vexillum (=standard petal) removed in all. Adaxial view in A–F. (A–C) The adaxial position
where the ﬁfth inner whorl stamen would be found remains free (asterisks). Note that the lateral wing petals are distinctly smaller than the outer whorl stamens and the young car-
pel. (D–F) The adaxial position (facing the viewer) remains organ-free. The ﬁlament bases of the two adaxial outer whorl stamens (shown in yellow) start to grow inwards (arrows).
The tip of the carpel gradually bends in the adaxial direction and a stigma becomes visible. (G) Detail of F, showing the distinct outgrowth of the ﬁlament base of the outer stamen
whorl (arrow) and the basal fusion of the ﬁlaments which form an adaxially open ﬁlament sheath. (H) Young opened carpel showing four ovules. (I) Detail of H, showing not fully
closed ovule with outer integument and the inner integument which is just visible (arrowhead). Abbreviations: A = outer whorl stamen; a = inner whorl stamen; C = carpel;
oi = outer integument; S = sepal; st = stigma V = vexillum W = wing. Scale bars: in A = 100 μm, in B, C = 100 μm, in D, E, G, H = 500 μm, in F = 1 mm; I = 100 μm.
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Fig. 3.Mature ﬂower (SEM micrographs). (A) Adaxial view of mature ﬂower, vexillum (=standard petal) removed. The hairy carpel lies within the adaxially open ﬁlament sheath.
Proximal part of androecium and gynoecium is enclosed by the fused keel petals. (B) Detail of (A), showing the base of the ﬂower with a lobate outgrowth (asterisk) in the position
of the tenth stamen. (C) Detail of (A), showing the opening at the tip of the fused keel petals with pollen grains adhering to its edge. (D) Androecium and gynoecium of mature
ﬂower (sepals and petals removed). The ﬁlaments form an adaxially open sheath (f) in which the carpel lies. (E) Detail of (D), showing the base of the ﬂower and a small lobate
outgrowth in the adaxial position (asterisk). (F) Base of ﬂower (sepals, petals and carpel removed). (G) Detail of (F), showing a small outgrowth in the adaxial position (asterisk).
(H) Base of amature ﬂower (perianth removed) showing a lobate outgrowth in the adaxial position (asterisk). Abbreviations: C = carpel; f = ﬁlament sheath; K = keel; S = sepal;
V = vexillum; W = wing. Scale bars: in A = 2 mm, B, C, E, H = 500 μm, D, F = 1 mm, G = 300 μm.
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lost. Later in development it is striking that the ﬁlaments of the two
adaxial outer whorl stamens grow inwards towards the position of
the lost stamen. This could be to increase the stability of the ﬂower.
The papilionoid ﬂag blossom is a highly complex structure. Its func-
tion can only be secured by accurate interaction of its various organs
(i.e. adaxial standard petal or vexillum, lateral wing petals, abaxial
keel petals, androecium and gynoecium) (cf. Taubert, 1891; Faegri
and van der Pijl, 1979). Here I speculate that the ﬂower could lose
some stability due to the loss of the adaxial stamen and therefore
the lateral outgrowths of the two adaxial antepetalous stamen ﬁla-
ments could compensate for this and could facilitate ﬂoral function.
Observations of pollinators interacting with Abrus ﬂowers are
crucial to determine the exact role of the androecium in pollination.
Unfortunately reports on the pollination biology are relatively rare.
Percival (1974) notes that A. precatorius has crowded racemes offragrant, pale pink and nectarless ﬂowers. According to him, both her-
maphrodite and male ﬂowers occur in the same raceme and the inﬂo-
rescence axis secretes large drops of nectar (22% sugar) which attracts
large red ants. This is the only reference to male ﬂowers in the species
but no such ﬂowers were present in the studied material or described
elsewhere in the literature. Agbagwa and Obute (2007) reported
that ﬂowers of A. precatorius never open and that the species may
be obligate cleistogamous. However, the authors present a drawing
of an anthetic ﬂower with spreading petals (i.e. an open ﬂower) and
they also report 14 insects visiting the ﬂowers. This seems to be in con-
ﬂict to their statement on the cleistogamy of the ﬂowers. Furthermore,
the introductory statement of Agbagwa and Obute (2007) that most
papilionaceous legumes are cleistogamous indicates that the authors
might have misunderstood Arroyo's (1981) paper on breeding systems
in legumes. In fact, Arroyo (1981) states that “Cleistogamy occurs in
some Papilionoideae”. However, Agbagwa and Obute (2007) present
Fig. 4. Anther, stigma and pollen (SEMmicrographs). (A) Mature anther with stoma on the dorsal side of the connective, shown in detail in (B). (C) Stigma surrounded by hairs with
adhering pollen grains. (D–F) Tricolporate pollen grains with coarsely reticulate tectum which becomes ﬁner towards the poles and the margins of the colpi. (D) Polar view. (E–F)
Equatorial views. Scale bars: in A = 200 μm, B, C = 100 μm, D–F = 10 μm.
Table 1
Sequence of organ initiation in Papilionoideae with simultaneous petal initiation.
Abbreviations: A = antesepalous stamen whorl; a = antepetalous stamen whorl,
Bid = bidirectional; rev = reversed (from adaxial towards abaxial side); S = simulta-
neous; ttw = tendency towards whorled; U = unidirectional (from abaxial towards
adaxial side).
TRIBE/species Sepals Petals A a
ABREAE
Abrus precatoriusa U S U + carpel U
MILLETTIEAE
Dahlstedtia pentaphyllab U S ? + carpel U
Wisteria sinensisc U S Bid + carpel U
DESMODIEAE
Lespedeza thunbergii d U(ttw) S + carpel U Bid?
MIRBELIEAE
Daviesia cordatae S S U(rev) + carpel S
GALEGEAE
Swainsona formosa f,g U(ttw) S + carpel U S
DALBERGIEAE
Machaerium villosum h U S U + carpel S
Platymiscium ﬂoribundum h U S U + carpel S
Pterocarpus rotundifolius h U S + carpel U Bid
Adesmia ciliata i U(rev) S + carpel Bid U(ttw)
Adesmia latifolia i S S U + carpel U
Adesmia punctata i U(rev) S + carpel U ?
Adesmia riograndensis i U(rev) S + carpel Bid U(rev)
Adesmia securigerifolia i U(rev) S + carpel U(rev) U(rev)
Adesmia tristis i U(rev) S U(ttw) + carpel U(ttw)
AMORPHEAE
Amorpha canescens j U S U + carpel U
SWARTZIEAE
Zollernia ilicifolia k U S + carpel U U
Harleyodendron unifoliolatum k U S + carpel U U
Exostyles venusta k U S U + carpel Bid
Lecointea hatschbachii k U S U + carpel Bid
a Present study.
b Teixeira et al. (2009).
c Naghiloo and Dadpour (2010).
d Prenner (2004b).
e Prenner (2004c).
f Tapingkae et al. (2007).
g Prenner, personal observation.
h Klitagaard (1999).
i Moço and Mariath (2009).
j McMahon and Hufford (2005).
k Mansano et al. (2002).
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period, timing of anthesis and ﬂoral visitors of A. precatorius and Abrus
pulchellus.
4.3. Androecial diversity in Leguminosae
In Leguminosae the androecium is the most variable of all ﬂoral
whorls (Tucker, 1996). Its number can vary from a single stamen
in e.g. the caesalpinioids Bauhinia divaricata L. (Urban, 1885; Tucker,
1988b), Bauhinia miriamae R.Torres and Bauhinia wunderlinii R.Torres
(Torres, 2006) to pronounced polyandry with more than 500 stamens
in Acacia celastrifolia Benth. (Mimosoideae; Prenner, 2011). The mode
in which stamens are initiated also varies dramatically. Stamens are
formed as individual primordia in most taxa with diplostemonous,
haplostemonous or reduced androecia. In contrast to this, polyandrous
androecia frequently arise from a common ringmeristem such as in the
Mimosoideae Acacia neriifolia Benth. (Gemmeke, 1982), A. celastrifolia
(Prenner, 2011) and Albizia lophantha Benth. (Gemmeke, 1982). An
androecial ring meristem is also found in Ateleia DC. (Papilionoideae–
Sophoreae; Tucker, 1990) and in Microberlinia bisulcata A.Chev.
(Caesalpinioideae–Detarieae; Tucker, 2002). In the latter a ring meri-
stem gives rise to petals and ten stamens (note that no polyandry is
involved here). Similarly, the common formation of stamens and petals
(i.e. from common primordia) is found rarely in papilionoids such as in
Pisum sativum L. (Tucker, 1989),Medicago truncatula Gaertn. (Benlloch
et al., 2003) and Ebenus cretica L. (Prenner, personal observation).
Common primordia were classiﬁed as “ephemeral meristems” by
Tucker (2003) and their nature spurred evolutionary developmental
questions concerning the genes involved in their formation. According
to Ferrandiz et al. (1999) A, B and C factors specify organ identity in
these primordia and Tucker (2003) speculated that common primordia
may represent evolutionary specializations. An alternative and more
mechanical explanation (which does not exclude the option of a spe-
cialization) would be that common primordia are the result of an
accelerated ontogeny which is frequently found in legumes and which
frequently results in an overlap in organ formation among whorls
(Tucker, 1989; Prenner and Klitgaard, 2008). This could ultimately re-
sult in the formation of two primordia in such a narrow spatiotemporal
frame that a distinction among individual primordia becomes almost
Fig. 5. Floral diagram and ﬂoral formula of Abrus precatorius (developed after Prenner
et al., 2010). The circled cross on top marks the main axis. The ﬂower is subtended by
an abaxial bract and preceded by two lateral bracteoles. Floral organs from the outside
towards the centre: calyx (K; green) composed of ﬁve fused sepals; characteristic
papilionoid corolla (C; red) with one adaxial ﬂag (standard petal or vexillum), two
lateral wing petals and two abaxial fused keel petals; androecium (A; yellow) composed
of ﬁve outer (antesepalous) and four inner (antepetalous) stamens; the adaxial stamen
of the innerwhorl is lost (X); a single, superior ovary in the centre (G; blue). Theﬂoral for-
mula also highlights the dorsiventral symmetry in all ﬂoral whorls (downwards arrows),
the superior ovary (underline 1) and the presence of 2–6 ovules with marginal placenta-
tion (depicted as: Vm2–6).
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difﬁcult in such apparently “hybrid” tissues.
4.3.1. The androecium in Papilionoideae
In Papilionoideae (and probably all Leguminosae) the androecial
ground plan is ten stamens in twowhorls of ﬁve (i.e. A 5 + 5). A reduc-
tion can be found occasionally as in Abrus (present study) or in Dalea L.
(tribe Amorpheae) which has a reduced androecium of only ﬁve sta-
mens due to a complete loss of the inner stamen whorl (McMahon
and Hufford, 2002). The genistoid genus Guianodendron Schütz Rodri-
gues & A.M.G.Azevedo also has only ﬁve fertile stamens (Rodriguez
and Tozzi, 2006; Cardoso et al., 2012b), but it remains to be studied
whether one stamen whorl is completely lost or whether stamen ini-
tials stop growing early. Most recently Cardoso et al. (2013) described
the new genistoid genus Staminodianthus D.B.O.S.Cardoso, H.C.Lima &
L.P.Queiroz (formerlyDiplotropis sect. Racemosae)which showsﬁve fer-
tile stamens and ﬁve short staminodes. Considerable variation from the
diplostemonous pattern is also found in Swartzieae where polyandry is
found in the genera Swartzia Schreb. (Tucker, 2003), Baphiopsis Benth.
ex Baker (with 16–18 stamens; Oliver, 1871), Cordyla Lour. and Aldina
Endl. (Tucker, 1987a). Tucker (2003) showed that the heteromorphic
androecium of Swartzia develops from a ring meristem. No ontogenetic
data are currently available for the remaining three genera. It is note-
worthy that according to recent molecular hypotheses (Cardoso et al.,
2012a) these polyandrous taxa, which were formerly placed in the
tribe Swartzieae, are not monophyletic and that they are found in dis-
tinct clades: Cordyla in the Amburana clade as part of the larger ADA
clade at the base of papilionoid legumes; Swartzia in the Swartzioid
clade; Aldina is not resolved in the 50-kb inversion clade and Baphiopsis
is found in the Baphioid clade which is sister to the non-protein-amino-acid-accumulating clade (NPAAA clade). It will be interesting
to analyse the ﬂoral ontogeny of these taxa and test whether ontoge-
netic patterns reﬂect this distinct phylogenetic placement apart from
one other.
However, as mentioned above by far the majority of papilionoid
legumes show an androecium of ten stamens in two whorls of ﬁve
(i.e. A 5 + 5). Therefore the androecium, together with other ﬂoral
characters of the typical papilionoid ﬂag blossom has to be considered
signiﬁcant for the overwhelming success of this ﬂower type which is
found in most of the c. 14,000 papilionoid species. Among them is for
example Astragalus L., which is one of the largest angiosperm genera
with 2000–3000 species (Wojciechowski et al., 1999), all of which
have a diadelphous androecium (e.g. Movafeghi et al., 2010, 2011;
Naghiloo et al., 2012).
One important functional aspect of the androecium is the formation
of basal openings or fenestrae (either one or two per ﬂower) through
which nectar, which is produced at the base of the gynoecium, is acces-
sible. To gain access to the nectar ﬂoral visitors have to actively trigger
the ﬂoral mechanism (see Faegri and van der Pijl, 1979; Endress,
1994; Westerkamp and Weber, 1999). The lateral wings which are
often interlocked with the abaxial keel petals have to be pushed
down. This means that a speciﬁc power is mandatory for the access to
the ﬂoral nectar and weaker or less elaborate insects will be excluded.
By pushing the wing and keel downwards the anthers and style will
come into contact with the visitor's abdomen and pollination will take
place.
Papilionoids also show variation in ﬁlament fusion (Tucker, 1987a,
2003). Filaments can stay completely free from each other as in
e.g. Baptisia australis R.Br. (Prenner, 2004d) or D. cordata Sm. (Prenner,
2004c) and they can be only shortly connate (frequently referred to as
“free”) at the base as in e.g. Styphnolobium japonicum Schott (Tucker,
1994; Prenner, 2004d). In the diadelphous androecium nine stamens
are fused and form an adaxially open ﬁlament sheath while the tenth
stamen in the adaxial antepetalous position remains free (e.g. in Lathyrus
latifolius L., Prenner, 2003; Lespedeza thunbergii, Prenner, 2004b; W.
sinensis, Naghiloo andDadpour, 2010). In the pseudomonadelphous pat-
tern the adaxial stamen is initially free but it secondarily reconnectswith
the sheath via edge-to-edge fusion, forming a closed tube such as in
Erythrina caffra Thunb. (Tucker, 1987a, 2003). However, the adaxial sta-
men remains free at the very base and basal fenestrae are formed by the
outwards curving of the ﬁlament sheath. Rodriguez-Riano et al. (1999)
additionally distinguished a pseudomonadelphous pattern without
basal fenestration in the genus Coronilla L. and a reduced diadelphous
pattern in which all anthers of the inner whorl are missing and which
is probably related to autogamy.
In the monadelphous androecium all ten stamens fuse and form
a closed tube with no basal fenestration. Consequently, in most
monadelphous taxa a nectary is missing and pollen is the only reward
for ﬂoral visitors. In some species, such as in Spartium junceum L.,
pollination is spectacular and takes place when both stamens and
style are explosively forced out of the ﬂower and onto the abdomen
of a visiting insect. Monadelphy is found in Genisteae such as Lupinus
afﬁnis J.Agardh (Tucker, 2003), Teline nervosa (Esteve) A.Hansen &
Sunding and others (Prenner, 2004d). However, Vogel (1997) showed
that some taxa such as Chamaecytisus Link, Petteria C.Presl and Retama
Raf. have true nectar ﬂowers where phloem sap is collected at the ﬂo-
ral base outside of the staminal column andwithout speciﬁc glandular
tissue. Vogel (1997) speculated that phloem sap is probably leaking
from adjacent ﬁlament bundles.
A variation of the monadelphous pattern is realised by the fusion
of all ten ﬁlaments to an adaxially open ﬁlament sheath. The ﬁlament
of the adaxial antepetalous stamen stays unfused with either the
stamen to its right or to its left, leaving an open gap in the adaxial
position. This pattern can be found in e.g. Crotalaria pallida Aiton and
Machaerium arboreum (Jaqu.) Vogel (Prenner, 2004d). In C. pallida
the sheath closes secondarily and a single opening (nectar window or
217G. Prenner / South African Journal of Botany 89 (2013) 210–218fenestrae) is formed at the ﬂoral base. In M. arboreum the ﬁlament
sheath is constricted ca 2 mm from the ﬂoral base forming a single
basal nectar window (Prenner, 2004d).
Apart from the above-mentionedmorphological variation, Prenner
(2004d) distinguished two androecial types based on their symmetry
at the time of initiation. In the asymmetric androecium the adaxial
antepetalous stamen is formed off the median plane whereas in the
symmetric androecium the stamen is formed exactly in the median
plane. While more derived papilionoid taxa exclusively show sym-
metric androecia, both symmetric and asymmetric taxa can be found
among basal papilionoids. More ontogenetic data are needed to get a
clearer picture of this character.
5. Conclusions
Organ sequence in A. precatorius is as follows: two bracteoles are
formed in short sequence, followed by ﬁve sepals which arise unidi-
rectionally starting from the abaxial side. Five petals form simulta-
neously and both stamen whorls are formed unidirectionally. The
adaxial antepetalous stamen is completely missing (i.e. there is no
primordium formed). The carpel is formed precociously and concom-
itantly with the outer stamen whorl. These data give evidence that
ontogenetic studies can contribute to a better understanding of the
phylogenetic placement of taxa: while some data such as the unidi-
rectional formation of sepals and stamens corroborate afﬁnities to
Millettieae (cf. Table 1), the complete loss of a stamen helps to under-
stand why the placement of tribe Abreae has been controversial over
a long time and why it is now found in a rather isolated position.
Simultaneous petal formation is a character which has been found
repeatedly in papilionoid legumes (Table 1). So far there is no clear
phylogenetic pattern evident and additional data from more taxa
are needed for a better understanding of this character. Among
Leguminosae the androecium is the most variable organ whorl varying
from a single stamen per ﬂower to more than 500. However, it is note-
worthy that stamen number and androecium morphology become
stabilised among more derived Papilionoideae which account for
the majority of species. This indicates that the androecium may have
played an important role in the success of a major part of Leguminosae.
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